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INTRODUCTION 49
Inwardly rectifying potassium channels play key roles in vertebrate and 50 invertebrate renal physiology and epithelial ion transport (13, 27, 28, 31, 32, 36-51 38, 43, 44, 47) . Mutations in KCNJ1/Kir1.1 (also known as renal outer medullary 52 and urine excretion (28, 31, 32, 36, 38, 41) . This results in decreased viability 59 and flight capacity (31, 32, 38) . As such, inwardly rectifying K + channels are 60 potential targets for insecticidal agents. 61
Drosophila melanogaster is an insect model organism that can lend 62
insights into the biology of mammals as well as other insects, such as disease 63 vector-carrying insects or insect pests. The Drosophila genome encodes three 64 inwardly rectifying K + channels, Irk1 (also called Ir, Dir, or DrKir1) , Irk2 (also 65 called DrKir2), and Irk3 (also called dKirIII or DrKir3) (7, 20, 23) . Roles for Irk 66 genes have been described in wing development (4) and cardiotropic viral 67 primer/probe sets for Ir (Dm02143602_g1), Irk2 (Dm02143724_m1), Irk3 114 (Dm01796588_g1) and endogenous control RpL32 (Dm02151827_g1) were 115 ordered from Invitrogen (Carlsbad, CA). The PCR cycle was 95°C x 3min, 95°C x 116 10 sec, 60°C x 30 sec (repeated x40). Results were analyzed with Bio-Rad CFX 117
Manager. 118 119

Perfusion of isolated tubules and measurement of transepithelial potential 120 difference 121
Anterior Malpighian tubules were dissected free hand at room temperature from 122 adult Drosophila females in Drosophila saline, consisting of (in mM): NaCl 117.5, 123
KCl 20, CaCl 2 2, MgCl 2 8.5, NaHCO 3 10.2, NaH 2 PO 4 4.3, HEPES 15, and 124 glucose 20, pH 7.0. Tubules were then transferred to a bath chamber of an 125 inverted microscope. The tubule was cannulated with a concentric glass pipette. 126
The lumen was perfused with Drosophila saline. Transepithelial potential 127 difference was measured using the perfusion pipette as the bridge into the 128 tubular lumen. The reference electrode was in the bathing solution that was also 129 composed of Drosophila saline. The potential difference was measured using a 130 Keithley Electrometer, model no. 6517B (Keithley, Cleveland, OH). After 131 obtaining a stable transepithelial potential, the bathing solution was changed to 132 Drosophila saline containing 2 mM BaCl 2 and the potential recorded after the 133 potential difference stabilized. The barium-containing bath was then exchanged 134
with Drosophila saline and potential recorded until a stable potential was again 135
achieved. 136 137
Ramsay assay and ion-specific electrodes 138
The Ramsay assay and ion-specific electrodes were used to measure fluid 139 secretion and K + concentration from isolated adult female Drosophila tubules as 140 previously described (34, 46 In experiments to assess the effects of cAMP, 1 mM dibutyryl cAMP was 169 added to standard bathing medium. In other experiments, 100 μM ouabain was 170 added to standard bathing medium to inhibit the Na with separate groups of tubules, unpaired t-test was used in experiments with 179 two groups, or one-way ANOVA in experiments with three or more groups. In 180 those experiments in which there were three or more groups with more than one 181 variable (for example, genotype and drug), two-way ANOVA was used. 182
Significance level was set at p < 0.05. Post-hoc comparisons were performed 183 using Bonferroni's correction. All statistical analyses were performed using 184 GraphPad Prism, version 5.0 or 6.0 (GraphPad Software, La Jolla, CA). 185
186
RESULTS
187
Urine generation by the main segment of the Drosophila renal tubule 188 occurs through the secretion of KCl-rich fluid. In the principal cell, the apical Kir2A and Kir2A' genes in Anopheles and Culex, and Kir2B and Kir2B' genes in 311
Aedes. In Culex and Anopheles, the Kir3 gene has also duplicated to result in 312 Kir3A and Kir3B genes (23, 29, 30) . 313
Here, we observed that Irk1 and Irk2, but not Irk3, are important for 314 transepithelial fluid secretion and K + flux. Interestingly, no functional channel 315 activity was observed with attempts at expression of Irk3 in Xenopus oocytes or 316 Drosophila S2 cultured cells, whereas both Irk1 and Irk2 possessed inwardly-317 rectifying K + channel activity (7). Similarly, no channel activity was observed in 318
Xenopus oocytes expressing the Aedes aegypti Irk3 homolog, AeKir3, although it 319 is highly expressed in the mosquito tubule (29). In addition, recent 320 immunolocalization data indicates that AeKir3 is expressed in intracellular 321 punctae in the mosquito tubule (28). In bed bugs, the Irk3 homolog ClKir3 322 transcript is expressed at very high levels in the Malpighian tubules, yet whole 323 organism silencing using RNA interference had no effect on bed bug viability 324 We found in a previous study that the Na The GAL4-UAS system, using the principal cell GAL4 driver c42-GAL4, was used 609 
DK59530 (to CLH) and DK41612 and DK078596 (to MB); and the American 408
Society of Nephrology Gottschalk Award (to ARR
to
